although recent innovations centered on the pretreatment of biomass with reagents such as lime (Yang et al., 2009) or dilute acid (Xu et al., 2010) may shift the focus primarily to maximizing DM yield. Switchgrass is indigenous to the southeastern USA, but native stands, which were part of the original savannahs, have been lost to cultivation and development. Isolated, undisturbed pockets remain, however, where plants can still be found.
'Colony' switchgrass (Reg. No. CV-256, PI 658520) was cooperatively developed as a cultivar by the North Carolina Agricultural Research Service, North Carolina State University, and the USDA-ARS and released 29 July 29 2009. Colony is a lowland cytotype developed as an improved cultivar for biomass purposes. It incorporates indigenous germplasm that occurs in the southeastern USA, which is of importance in its future use as a dedicated crop for large-scale biomass production. The development process addressed yield as well as fi ber constituents, and Colony should show improved adaptability compared with the existing, well-established, named lowland cultivars that are adapted to the many environments of the region.
Methods

Development
Colony was developed from three cycles of selection occurring under natural conditions. Cycle 0, the original source population, consisted of a selected group of 161 switchgrass plants of the lowland form representing 11 different germplasm sources (the number of plants per source varied). The 11 germplasm sources (followed by the number of plants and the cultivar or location of origin in parentheses) were accessions 63-85 (13 plants, 'Pangburn'), 63-90 ('Kanlow'), 63-78 (SC 56-23), 63-69 (Pinehurst, NC), 63-75 (Bn-11361), 63-73 (F-687, Am-181, Stuart), 63-76 (Bn-11361), 63-72 (F-286, Am-180, Wahass, O.), 63-70 (Pinehurst, NC), 63-71 (AM-175, 1962, Pinehurst, NC), and 63-79 (SC 56-26, 1961 evaluated for DM yield and in vitro dry matter disappearance (IVDMD). A total of 31 plants was selected from this group on the basis of the arithmetic production of DM yield and IVDMD (i.e., DM yield × IVDMD). These plants, and an additional two plants, were selected to maintain their genetic diversity [accession 63-87 (Pangburn)] and were allowed to cross-pollinate at random, with the resulting progeny bulked in equal amounts across clones to represent cycle 1.
Cycle 1 was composed of the 660 half-sib progeny from the 33 selected cycle-0 plants. The progeny were evaluated for DM yield and IVDMD and N concentrations (Talbert et al., 1983; Godshalk et al., 1986) . A total of 16 plants, from four cycle-0 germplasm, were selected using an index having a weight of 1 for initial growth and 0 for both IVDMD and N concentrations. A value of 0 was assigned to establish a covariate, thus preventing declines in IVDMD and N concentrations as a result of selection. The selections were seeded in a crossing block and allowed to open pollinate in isolation. The progeny were subsequently harvested and bulked in equal amounts across clones to constitute cycle 2.
Cycle 2 consisted of equal weights of seed that was harvested from each of the 16 clones, bulked, and used to establish an isolated seed increase fi eld. Open-pollinated seed was then harvested from the isolated seed increase fi eld and bulked to constitute 'Colony'.
Characteristics
Colony switchgrass was evaluated for DM production and nutritive value in replicated experiments, which included well-established lowland and upland cultivars as well as recently released lowland cultivars. Dry matter yield experiments were conducted in two different climatic and geological regions.
Biomass Production Piedmont
The experimental site was a fi ne, kaolinitic, thermic Typic Kanhapludult (Cecil clay loam) soil at the Lake Wheeler Road Field Laboratory, Raleigh, NC. Four lowland cytotypes-Alamo, Kanlow, Colony, and a germplasm line-and two upland cytotypes-'Cave-in-Rock' (CIR) and 'Shelter'-were established and evaluated in a one-cut and two-cut harvest system. Plots were arranged in a randomized complete block design with four replicates. The study was conducted for 5 yr following the year of establishment.
In the one-cut system, 56 kg ha −1 of N was applied in the spring and the plots were harvested in November. In the two-cut system, 56 kg ha −1 of N was applied in the spring and again immediately following the fi rst harvest (a total of 112 kg ha −1 for the year). The fi rst harvest was made at heading and the second harvest taken in November.
In the one-cut system, appreciable variation in DM yield occurred among entries from year to year (Table 1) . The lowland cytotypes were generally superior to the upland cytotypes. The 5-yr mean reveals that Colony produced the greatest DM yield among both the lowland cultivars (15.6 vs. 13.5 Mg ha −1 ) and upland cultivars (15.6 vs. 9.1 Mg ha −1 ) ( Table 1) .
Within the two-cut system, less variation occurred among entries from year to year (Table 1) . Generally the lowland cytotype was greater yielding than the upland cytotype. Examination of the 5-yr mean reveals that Colony had a similar DM yield as the lowland cultivars, Alamo and Kanlow (mean = 14.6 Mg ha −1 ), and as CIR, but not Shelter. The additional application of N in the two-cut system, compared with the one-cut system, greatly improved the DM yield of the upland cultivars (144%) vs. the lowland cultivars (105%). In this system, CIR had a yield similar to that of the lowland ecotypes.
Upland Coastal Plain
The experimental site in the upland Coastal Plain was a loamy, kaolinitic, thermic Arenic Kandiudults (Wagram loamy sand) soil at the Central Crops Research Station, Clayton, NC. The lowland cytotypes Alamo, 'BoMaster', Table 1 . Total dry matter yield of Colony switchgrass and other lowland and upland cultivars from a one-cut and a two-cut system, Raleigh, NC (dry matter basis). * Signifi cant at the 0.05 probability level, based on the least signifi cant difference (LSD) for comparison among entries within and between cutting management (P ≤ 0.05). † Each value is total of two cuts in the two-cut system, and all are the mean of four replicates (n = 4). ‡ Each value is the mean of 5 yr and four replicates (n = 20).
'Performer', and Colony and the upland cytotype CIR and two lowland germplasm lines were established and evaluated for DM yield and nutritive value. Plots were arranged in a randomized complete block design with four replicates; yield data were obtained 4 yr following the year of establishment, and associated nutritive value the last 3 yr. Colony had a consistently greater yield than CIR or Performer (except in year 2 for Performer), whereas the yield was similar to that of Alamo and BoMaster in each of the 4 yr. This was also noted in the 4-yr average (Table 2) .
Nutritive Value
Samples from the last 3 yr of the yield trial were evaluated for crude protein (CP) and neutral detergent fi ber (NDF) concentrations, as well as for the constituent fi ber fractions of acid detergent fi ber (ADF), hemicellulose (HEMI), cellulose (CELL), and lignin (AOAC, 1990; Van Soest and Robertson, 1980) . Concentrations were multiplied by DM yield for each year to provide estimates of the yield for each fraction analyzed. In vitro dry matter disappearance was determined according to Burns and Cope (1974) .
Dry Matter Concentrations
Crude protein concentrations were similar among all entries (79 g kg −1
), but the NDF and constituent fi ber fractions differed (Table 3) . Colony had greater concentrations of NDF, ADF, and CELL than CIR, Alamo, and Performer but concentrations similar to those of BoMaster. Colony had a greater concentration of hemicellulose than CIR but a concentration similar to those of the other lowland entries. Colony had a lower lignin concentration than CIR or Alamo, a higher one than Performer, and one similar to that of BoMaster (Table 3) .
Constituent Yield
Colony had greater CP yields than CIR and a similar CP yield to that of the other lowland cultivars (Table 4 ). The NDF yield and its constituent fractions (ADF, HEMI, CELL, and lignin) yield of Colony were greater than those of Performer or CIR and similar to those of BoMaster and Alamo.
Forage Quality
Hays for forage quality trials were grown in the upper Coastal Plain at the Central Crops Research Station, Clayton, NC. Established 1.2-to 1.6-ha blocks of Colony, Performer, and BoMaster switchgrass and two germplasm lines were harvested in the late boot stage. The fi elds were cut with a hay conditioner, windrowed when dry, and baled with a traditional square baler, and the bales were transported to the animal metabolism unit located at Raleigh, NC.
The hays were processed through a hydraulic bale press and reduced to 7-to 13-cm lengths and fed to steers (weighing 225−275 kg at trial initiation) in a traditional intake-and- BoMaster (1.48 kg 100 −1 kg BW), whereas the consumption of Performer was the highest (1.75 kg 100 −1 kg BW) ( Table 5 ). Digestibility of the DM had a similar order among the three cultivars, but the differences were not significant. Consistent with the lowest DM intake, Colony also had lowest concentrations of IVTDMD and CP and the highest NDF, ADF, CELL, and lignin concentrations. Hemicellulose concentrations were similar among the three cultivars (Table 5) .
Diet Characteristics
Steers fed the switchgrass hays selected a diet higher in IVTDMD and CP and lower in NDF (Table 6 , whole masticate; and Table  5 ). However, despite selective consumption within hays, Colony was consistently lowest in IVTDMD and CP and highest in NDF (Table 6 ). Although steers masticated the three cultivars similarly (mean particle size = 1.98 mm), the same relative difference among the three cultivars remained within each of the three particle-size classes of large, medium, and small (Table 6 ).
Application
The greater biomass yield of Colony switchgrass and increased NDF concentrations with improved CELL composition makes Colony a potential perennial grass choice for the biofuel industry. Colony, however, is generally inferior to the other lowland cultivars evaluated as feed for ruminants. This is especially true at the more mature growth stages.
Availability
Colony switchgrass was released cooperatively by the North Carolina Agricultural Research Service, North Carolina State University, and the USDA-ARS. U.S. Plant Variety Protection will not be sought for Colony switchgrass. Ernst Conservation Seeds, Meadville, PA, has been granted exclusive rights, with sublicensed rights possible to Garrett Wildfl ower Seed Farm, Smithfi eld, NC, to produce and market Colony switchgrass through contractual agreement with the North Carolina Agricultural Research Service. After the fi rst year, breeder seed of Colony will be maintained by the licensee. Seed requests for research purposes (variety testing, etc.) should be directed to the licensee. Seed of this release is deposited in the National Plant Germplasm System, where it will be available after 20 yr for research purposes, including development and commercialization of new cultivars. digestion trial, which consisted of a 21-d intake phase (7 d of adjustment and a 14-d experimental period), followed by a 12-d digestion phase (7 d of adjustment to crates and a 5-d fecal collection period). Animals were arranged in a randomized complete block design, with four animal replicates. The fed hays were sampled daily and composited for the experimental period and analyzed for in vitro true DM disappearance (IVTDMD), CP and NDF. In determining IVTDMD, fermentation was terminated with neutral detergent solution in an Ankom 200 fi ber analyzer (Ankom Technology Corp., Fairport, NY) to remove the residual microbial dry matter.
Steers (360−475 kg) fi tted with esophageal cannulas were used to determine the diet, selecting from the hays when offered a free choice. Each hay was evaluated by fi ve steers in a 5-by-5 Latin square design. The masticate of each hay was collected, quick-frozen in liquid nitrogen (−360°C), freeze-dried, and stored in a freezer (−16°C). A portion of the "whole masticate" sample was further separated into three particle-size classes of large (≥1.70 mm), medium (<1.7 and >0.5 mm), and small (≤0.5 mm). The samples were ground through a Udy Mill (Udy Corp. Prod. No. 3010-014, Ft. Collins, CO) to pass a 1-mm screen and analyzed as noted above for the fed hay samples.
Dry Matter Intake and Digestion
Consumption of Colony was the lowest, at 1.32 kg 100 −1 kg body weight (BW), and was similar to that of -----------------------g kg −1 ------------------------ 
